An investigation of the melanistic phase of the Western Fox squirrel (Sciurus niger rufiventer) in Eastern Nebraska and Western Iowa by Lueninghoener, Edward W.




An investigation of the melanistic phase of the Western Fox 
squirrel (Sciurus niger rufiventer) in Eastern Nebraska and 
Western Iowa 
Edward W. Lueninghoener 
University of Nebraska at Omaha 
Follow this and additional works at: https://digitalcommons.unomaha.edu/studentwork 
 Part of the Biology Commons 
Recommended Citation 
Lueninghoener, Edward W., "An investigation of the melanistic phase of the Western Fox squirrel (Sciurus 
niger rufiventer) in Eastern Nebraska and Western Iowa" (1973). Student Work. 3090. 
https://digitalcommons.unomaha.edu/studentwork/3090 
This Thesis is brought to you for free and open access by 
DigitalCommons@UNO. It has been accepted for 
inclusion in Student Work by an authorized administrator 
of DigitalCommons@UNO. For more information, please 
contact unodigitalcommons@unomaha.edu. 
AN- INVESTIGATION- OF THE MELMISTIC PHASE OF THE. WESTERN FOX 
SQUIRREL (S c iu ru s  n ig e r  r u f iv e n te r )  IN EASTERN NEBRASKA AND
rwrprn i mi . Ac.nr>:Ki——i  urm « « a iw il5affy.win '
WESTERN IOWA
A T hesis  
P re se n te d  to  th e  
D epartm ent o f B io logy  
and th e
F a c ility  o f th e  G raduate C ollege 
U n iv e rs i ty  o f N ebraska a t  Omaha
In  P a r t i a l  F u lf i l lm e n t  
o f  th e  R equirem ents f o r  th e  Degree 
M aster o f A rts
by




INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
Dissertation PuDiismng
UMI EP75159
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
THESIS ACCEPTANCE
A ccepted  f o r  th e  f a c i l i ty  o f  The G raduate C o llege  o f th e  U n iv e rs ity  
o f  N ebraska a t  Omaha, i n  p a r t i a l  f u l f i l lm e n t  o f  th e  req u ire m e n ts  f o r  
th e  d eg ree  M aster o f  A rts*
G raduate Committee




LIST OF ILLUSTRATIONS . ....................................  ±v
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  X
The M e la n is tic  Phase ........................................   1
L ife  H i s t o r y .............................................    3
METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5
The B reed ing  Experim ent  ................................  9
E stim a te  o f th e  P o p u la tio n   ....................................  5
The D is tr ib u t io n  o f  th e  M e la n is tic  Phase i n
E a s te rn  N ebraska and W estern Iowa .  ......................   8
RESULTS  ....................... . . . . .  . . . . . . . .  9
R e su lts  o f  th e  B reed ing  Experim ent • • • « . . . • • • .  9
G enetic  C o n tro l 12
R e su lts  o f  th e  P o p u la tio n  S tudy 31*.
Human E f f e c ts  Upon Urban S q u ir r e l  A c t i v i t y .................. ......... 17
D is t r ib u t io n  o f  th e  M e la n is t ic  Phase in  E a s te rn
N ebraska and W estern Iowa 18
SUMMARY  ......................    20
LITURATURE CITED  ............................................     22
APPENDIX
I .  Range o f th e  W estern Fox S q u i r r e l ........................ ... 2k
IX . Methods Used During th e  S pot Count Survey .  .......................  29
I I I .  R e su lts  o f  O b se rv a tio n s  o f  th e  W estern
Fox S q u i r r e l  28
IV. Comparison o f th e  V e g e ta tio n a l A n a ly s is  and
S q u i r r e l  S i g h t i n g s ...........................................................  31
V. D is t r ib u t io n  o f th e  M e la n is tic  Phase i n
E a s te rn  N ebraska and W estern Iowa .  ................................  . h2
i v
LIST OF ILLUSTRATIONS
F ig u re  Page
1 , Range o f  th e  Fox S q u i r r e l  . . . . . . . . . . . . . . . .  • . 2k
2, Method o f  C onduction f o r  th e  Spot Count
P o p u la tio n  S urvey . . . ........................... . . 26
3, Ehcample' o f  th e  G rid  Used to  Count H a b ita b le
. B locks Using an A e r ia l  P h o to g rap h .o f  C ouncil B lu ffs  . . . 27
Up R e s u lts  o f O b se rv a tio n s  O ther Than th e  P o p u la tio n  S u rvey . * 28
5 . R e s u lts  o f  th e  P o p u la tio n  Survey (Spot Count) . . . . . . .  29
6 . Com parison o f Tem perature t o  S q u i r r e l  A c t iv i ty  . . . . .  . 30
7. S q u i r r e l s  Versus T ree Types i n  th e  S tudy A rea . . . . . . .  32
8. S q u i r r e l s  V ersus T ree Types O u tsid e  th e  S tudy Area . . . .  33
9 . Com parison o f th e  V e g e ta tio n a l A n a ly s is  and S q u i r r e l
S ig h tin g s  (Graphs 1 and 2) . . . . . . . . . . . . . . .  3li
10. Comparison o f th e  V e g e ta tio n a l A n a ly s is  and S q u i r r e l
S ig h tin g s  (Graphs 3 and k)  . . . . . . . .  ..............................  3$
11. Comparison o f  th e  V e g e ta tio n a l A n a ly s is  and S q u ir r e l
S ig h tin g s  (Graphs 5 and 6 ) . . . . . . . . . . . . . . .  36
12. Comparison of th e  V e g e ta tio n a l  A n a ly sis  and S q u i r r e l
S ig h tin g s  (Graph 7) . . . . . . . . . . . . . . . . . .  • 37
13. Com bination o f th e  D ata on G raphs 1 th rough  ? . . . . . . .  38
l i j .  R e s u lts  o f  th e  Tree Survey (T ab les  1 , 2 and 3 ) . . . . . .  39
15. R e s u lts  o f  th e  Tree Survey (T ab le s  k > 5 and 6 )  . . . . .  . i*0
16 . R e s u lts  o f th e  Tree Survey (T ab les  7 end 8) . . . . . * *  . Ul
17. Sample o f  th e  L e t t e r  Accompanying th e  Q u es tio n n a ire
to  Game O f f ic ia l s  ...................................   k3
VF ig u re  Page
18* Sample o f  th e  Q u e s tio n n a ire  S en t to  Game O f f i c i a l s ......................... i|ii
19V D is t r ib u t io n  o f th e  M e la n is tic  Phase i n  Iowa . . . . * . hS
20* D is t r ib u t io n  o f  th e  M e la n is tic  Phase i n  N ebraska . e • « . . 1*6
21* R e s u lts  o f  th e  Q uestiorm ai.re to  Game O f f i c i a l s  b7
1INTRODUCTION
The l a r g e s t  member o f  th e  t r e e  d w ellin g  N orth A m erican s q u i r r e l s  
i s  th e  Fox S q u i r r e l  (S c in ru s  n ig e r  L innaeus) .  T his s p e c ie s  in h a b i ts
«OMwng*im aiaa***atm a, mtwxaKKias&uvaipi ■ .
th e  e a s t e r n  h a l f  o f  th e  co n tig u o u s  U nited  S ta te s .  I t s  norm al h a b i t a t  
i s  open woodland though  th e  Fox S q u ir r e l  a lo n g  w ith  th e  G rey S q u i r r e l  
(S c lu ru s  c a r o l in e n s is  L innaeus) may be found i n  scans t h i c k l y  wooded
res t  ^ » ^ » m a ~ « r » - r - n n n i i  umitmt* * . * •
a re a s .  The Fox S q u ir r e l ,  lias ex ten d ed  i t s  ran g e  f a r t h e r  w est i n  
re sp o n se  to  th e  la r g e  number o f  t r e e s  t h a t  have been p la n te d  on th e  
fo rm er p r a i r i e  o f th e  g r e a t  p la in s  (Y eager, 1959). The ran g e  o f  th e  
Fox S q u i r r e l  i s  p l o t t e d  i n  A ppendix I ,  F ig u re  1 a f t e r  K a li  and K elson , 
1959.
The sp e c ie s  S . n ig e r  h as  been  d iv id e d  in to  t e n  su b sp e c ie s  a s  
l i s t e d  b y  H a ll and K elson , 1959. The su b sp ec ie s  i n  th e  N ebraska and 
Iowa re g io n  i s  S c iu ru s  n i c e r . r u f iv e n te r  (W estern Fox S q u i r r e l )  as
«c*awasat«a»Eatewfcws* wnm i tlV irgT T ^ it t « n  m ri umi rnmin im w h i h iib '*
d e sc r ib e d  by E. G eo ffrey  S t .  H i l a i r e  i n  1803. The l a r g e s t  range f o r  
any o f  th e  te n  su b sp e c ie s  i s  th e  one occup ied  by th e  W estern  Fox 
S q u i r r e l  (F ig . 1 ) .
The norm al c o lo r  phase o f  th e  W estern Fox S q u i r r e l  i n  th e  Iowa 
and N ebraska re g io n  i s  ru fo u s . There a re  a  number o f v a r ia t io n s  i n  
th e  c o lo r  p h ase , one o f which i s  m e la n is t ic ,  th e  f o c a l  p o in t  o f  t h i s  
s tu d y .
The M e la n is t ic  Phase
n r m n — -FTir * III > rjwni— imwi iiw ■ warn iiiiinm w uiia  iiikhW  n»
M elanism i s  v e ry  common among th e  member sp e c ie s  o f  th e  o rd e r  
R o d en tia . The s p e c ie s  S. n ig e r  i s  no e x c e p tio n . A l l  th e  su b sp ec ie s  
o th e r  th a n  S. n . r u f iv e n te r  have common m e la n is t ic  p h a s e s , b u t t h e i r  
m e la n is t ic  phases have a re a s  o f w h ite  h a i r ,  u s u a l ly  on th e  e a r s ,  c h in ,  
f e e t  o r  t a i l .  The above m ix tu re  o f c h a r a c t e r i s t i c s  i s  n o t  no rm ally  
found i n  S. n . r u f iv e n te r .  F u rtherm ore o f th e  112 b la c k  in d iv id u a ls
«*■» *1 W~lt T  m ill 111 III. I II ■! 11*11 I HWII
t h a t  I  observed  none had w h ite  a re a s  v i s i b l e  on any p a r t s  o f  th e  body.
This i s  n o t t o  say  t h a t  th e r e  a r e  n o t W estern  Fox S q u i r r e l s  w ith  w h ite
2a re a s  o r co m p le te ly  w h ite  b o d ie s  w ith in  th e  s tu d y  a rea*  There has 
been  a sm a ll p o p u la tio n  o f co m p le te ly  w h ite  Fox S q u i r r e l s  i n  s o u th -  
w e s te rn  D ouglas County, N ebraska f o r  a t  l e a s t  th e  l a s t  f iv e  y e a rs  
(per*  com. R ich ard  W ilson, game w arden). There i s  a l s o  docum entation  
in  so u th e rn  M isso u ri of m e la n is t ic  W estern  Fox S q u i r r e l s  w ith  w h ite  
a re a s  o f h a i r  s im i la r  to  th o s e  p re v io u s ly  d e s c r ib e d . The w h ite  
s q u i r r e l s  i n  Douglas County a re  an example o f a lb in ism  and th e  ones 
i n  M isso u ri, a r e  caused  by th e  m ixing o f  th e  gene .p o o ls  o f S. n , 
r u f i  v e n te r  and. S . n e' lu d o v iv ia n u s , S. n . su b au ra ttis  o r  S. n . bachm ani
nrTvrr*rr~T^ ernes o r w r r f  ■~iH-inr»nr-TrTTMr,"T-~"MTM9 4%n **»  . ety n aw’HT.rtt , .t*
( T e r r i l l ,  191*1). . .. ' ' ' ■ ‘
Audubon i n  h i s  M isso u ri R iver J o u rn a ls  (181*3) gave an  a c c u ra te  
d e s c r ip t io n  o f  th e  me la M s  t i c 'p h a s e  olf th e  W estern Fox S q u i r r e l .  '
He m entions h av in g  f i r s t  seen  th e  b la c k  phase c lo s e  to  S t .  Jo se p h , 
M isso u ri and c o n tin u e d  s ig h t in g  i t  u n t i l  h i s  b o a t had  p assed  C o u n c il 
B lu f f s .  What he c a l l s  C o u n c il B lu ffs  i s  a  b lu f f  on which Levris and 
C la rk  met w ith  a  group o f c h ie f s  of th e  Otoe and M isso u ri t r ib e s *
T h is  i s ; b e l ie v e d  to  be- j u s t  n o rth '-o f  ■ th e  p re se n t ' town o f M isso u ri 
V a lle y , Iowa.
A f te r  exam ining th e  b la c k  s q u i r r e l ,  Bachman, who was w ith  
Audubon, gave i t  sp e c ie s  ran k  (S c to ru s  a u d u b o n ii) , b e l ie v in g  i t  t o  
be s e p a ra te  from  S. n« r u f i  v e n te r  w hich a t  t h a t  tim e  was known a s
S. mac r o a r  a (Say , 1819) o r  S* magni c a u d a ta s ; a s  th e  s q u i r r e l  was 
l i s t e d  i n  H arlan s  * s  Fauna Americana (1 8 2 5 ). T his d isc re p a n c y  was 
l a t e r  r e s o lv e d  by r e c o g n i t io n  o f  th e  b la c k  s q u i r r e l  as  s im p ly  a  
m e la n is t ic  phase  o f S. n . r u f iv e n te r .
B aum gartner (I9i*3b) m entions i n  h i s  p e lag e  s tu d y  having seen  
two s tu f f e d  b la c k  phase W estern  Fox S q u i r r e l s  in  ta x id e rm is t*  s shops 
i n  O hio. T e r r i 3.1 (19U1) m en tions t h a t  th e  co m p le te ly  b la c k  phase  
i s  common i n  so u th e rn  M isso u ri a long  w ith  th e  p re v io u s ly  m entioned  
b la c k  phase in d iv id u a ls  w ith  a re a s  o f  w h ite  h a i r .  Townspeople o f 
M ary sv ill.e , K ansas c a l l  th e  town th e  b la c k  s q u i r r e l  community.
T here i s  l i t t l e  e l s e  o f a s c i e n t i f i c  n a tu re  p r in te d  con cern in g  th e  
b la c k  p h ase .
3Causes f o r  th e  m ain tenance o f  melanism i n  an  an im al p o p u la tio n  
and th e  re a so n s  f o r  i t s  o ccu rren ce  a lo n g  w ith  th e  d i s t r i b u t i o n  o f 
phases have been  s tu d ie d  by'm any. There a re  two m ain p o in ts  t h a t  
have been  f a i r l y  w e l l  e s ta b l i s h e d ,  The f i r s t  i s  t h a t  m elanism  i s  
p re s e n t  i n  th e  gene p o o l o f a lm ost a l l  an im al g en era  and a c tu a l ly  
i n  m ost an im al s p e c ie s .  The second i s  t h a t  m e la n is t ic  p o p u la tio n s  
a re  g r e a t e s t  i n  number c lo s e  t o  th e  e q u a to r  and become few er f u r th e r  
n o r th  o r  so u th , H am ilton (1973) claim s, t h a t  m elan in  a c tu a l ly  p roves 
to  be an advan tage to  d e s e r t  s p e c ie s  i n  t h a t  m ost d e s e r t s  have 
trem endous tem p e ra tu re  f lu c tu a t io n s  d a i ly  and -the b la c k  in d iv id u a ls  
a r e  a b le  t o  m a in ta in  ■ a c t i v i t y  l a t e r  i n  th e  ev en in g s  and s t a r t  a c t i v i t y  
e a r l i e r  i h  th e  m ornings th a n  s im i la r  in d iv id u a l 's  w ith  o th e r  th an ' '• "
b la c k  c o lo r a t io n .  The re a so n  i s  t h a t  h e a t  a b s o rb tio n  by  th e  b lack  
c o lo r  i s  more e f f i c i e n t  th a n  any o th e r  c o lo r .  D uring m id-day  when 
te m p e ra tu re s  a re  ex trem e ly  warm a lm o st a l l  d e s e r t  s p e c ie s  have r e ­
t r e a t e d  to  t h e i r  burrow s o r  shade o f  some s o r t .  A t th e s e  tim es  
th e  m e la n is t ic  in d iv id u a ls  do lo s e  some a c t i v i t y  tim e b ecau se  o f  th e  
h e a t  b u ild u p  and r e t e n t io n  in  t h e i r  b o d ie s , b u t  H am ilton b e l ie v e s  
t h i s  t o  be more th a n  made up f o r  by  th e  a c t i v i t y  p e r io d s  g a in ed  i n  
th e  c o ld  e a r ly  m ornings and l a t e  ev en in g s .
H am ilton  (1973) a l s o  t r i e d  t o  ap p ly  h i s  th e o ry  to  t r o p i c a l  
a re a s  and s p e c ie s .  I f  th e se  o b s e rv a tio n s  a re  c o r r e c t  th e y  m ight 
e x p la in  th e  h ig h  r a t e  o f  m elanism  i n  th e  so u th e rn  su b sp e c ie s  o f th e  
Fox S q u i r r e l .  I t  i s  e a sy  to  h y p o th e s iz e  t h a t  m elanism  d e c re a se s  
i n  th e  h ig h e r  l a t i t u d e s  because even  though i t s  h e a t  a b s o rb tio n  
c a p a b i l i ty  would be an ad v an tag e , i t s  obv iousness t o  an  enemy d u rin g  
p e r io d s  o f  snow co v er would be a d e f i n i t e  d isa d v a n ta g e .
The W estern  Fox S q u i r r e l  n o rm a lly  b re e d s  from  December 15 to  
th e  end o f  March w ith  a  second seaso n  p o s s ib le  d u rin g  May, June and 
J u ly .  The g e s ta t io n  p e r io d  i s  kS days and th o s e  s q u i r r e l s  t h a t  mate 
e a r ly  have t h e i r  young i n  e a r ly  F eb ru a ry . The young a r e  h a i r l e s s ,  
w eighing  tw o - th ird s  o f  an ounce a t  b i r t h .  The c o a t  i s  p r e s e n t  a t
htwo weeks o f age . The young a re  weaned a t  f iv e  t o  s ix  weeks o f  age 
and leav e  th e  n e s t  a t  s ix  t o  te n  weeks o f age . The young a re  cap ab le  
o f c ra c k in g  a  w alnu t a t  60 days (S v ih la ,  1931) and leav e  t h e i r  p a re n ts  
a t  7^ to  90 d ay s . Maximum l i f e  span i s  b e lie v e d  t o  he seven to  n in e  
y e a rs  (B urton , 1962).
Most r e s e a rc h e r s  a g ree  t h a t  th e r e  i s  a  second b reed in g  seaso n  
d u rin g  th e  l a t e  sp rin g  and e a r ly  summer d u rin g  w hich tw o -y e a r-o ld  o r 
o ld e r  fem ales r a i s e  a second  l i t t e r . . .  F i r s t  y e a r  fe m a le s  u s u a l ly  
r a i s e  o n ly  one l i t t e r  (B aum gartner, 1 9 l0 ) .  S ince se x u a l m a tu r i ty  
i s  n o t  reach ed  u n t i l  a t  l e a s t  e ig h t  months of age , fem ales m ust be 
a lm o st a  y e a r  o ld  b e fo re -m a tin g .- * ■'*.’* • . •
Some r e s e a r c h e r s 'c la im  t h a t  t h e 'F o x ‘S q u ir r e l  i s  monogamous ' '
(A lle n , 191*2 and B urton , 1962), w h ile  o th e rs  be’l i e v e  them to  be 
p rom iscuous. Most a u th o rs  do ag ree  t h a t  a f t e r  m atin g , th e  m ale 
rem ains s o l i t a r y  and le a v e s  th e  r e a r in g  o f  th e  young to  th e  fem ale .
5METHODS
This s tu d y  was o r ig i n a l l y  p ro p o sed  to  have th r e e  p a r t s ;  l )  an 
a tte m p t to  in te r b r e e d  th e  two phases t o  le a rn  som ething o f th e  
g e n e tic  c o n t r o l  o f  th e  m elanism ; 2) a p o p u la tio n  s tu d y  o f th e  C ouncil 
B lu f fs  a re a  t o  e s tim a te  th e  in c id e n c e . o f melanism i n  th e  W estern  Fox 
S q u i r r e l  p o p u la tio n ^  3) a  s tu d y  of th e  d i s t r i b u t io n  o f th e  m e la n is t ic  
•phase i n  e a s te r n  N ebraska and w es te rn  Iowa.
The B reeding Experim ent
For th e  b re e d in g  a tte m p t,  cages were c o n s tru c te d  o u t o f  two by 
f o u r 4s and f i n e  mesh ch ic k e n  w ire . These were made fo u r  f e e t  by 
f o u r  f e e t  by e ig h t  f e e t  t a l l .  Two s to r y  den boxes made tw elv e  in c h e s  
wide by seven  in c h e s  deep by  e ig h te e n  in c h e s  high  were p u t i n  each  
c ag e .
S q u i r r e l s  were th e n  l iv e - t r a p p e d  i n  C ouncil B lu f fs  u s in g  fo u r  
d i f f e r e n t  ty p e s  o f t r a p s .  Homemade wooden t r a p s  w ere b u i l t  resem b lin g  
th o se  b u i l t  by Baum gartner (19UQ) w ith  one e x c ep tio n . He p u t a pane 
o f  double s t r e n g th  g la s s  i n  the  end o p p o s ite  th e  d o o r to  th e  t r a p .
I  c o n s tru c te d  th e se  t r a p s  w ith o u t p u t t in g  th e  pane o f  g la s s  i n  th e  
b l in d  end o f  th e  t r a p .
O ther t r a p s  t h a t  were used  were th e  H avahart l i v e  t r a p s  No. 2 
and 2A, 3 and 3A and th e  No. h t r a p .  The b a i t  u sed  was e a r  c o rn , 
w a ln u ts , d ry  dogfood, a p p le s  and p e a n u ts . Trapping was c a r r i e d  ou t 
i n  th re e  d i f f e r e n t  lo c a t io n s ,  a l l  o f  which were fe n c ed  y a rd s  i n  
r e s i d e n t i a l  d i s t r i c t s .  A f te r  c a p tu re  th e  s q u i r r e l s  were t r a n s p o r te d  
t o  th e  U n iv e r s i ty 's  A llw ine Farm vihere th e  cages were lo c a te d .  The 
d i e t  o f th e  s q u i r r e l s  th e n  c o n s is te d  o f  d ry  dogfood, w a ln u ts , ap p les  
and co rn .
E s tim a te  o f  th e  P o p u la tio n  i n  C ouncil B lu ffs
The n e x t p o r tio n  o f th e  s tu d y  was t o  e s tim a te  th e  s q u i r r e l  
p o p u la tio n  i n  C ouncil B lu f f s .  The p o p u la tio n  s iuby  was done u s in g
6an  in v e n to ry  method d e s c r ib e d  by H icks (191*2) c a l l e d  th e  sp o t c o u n t 
m ethod. To u se  t h i s  m ethod two a d ja c e n t  a re a s  a r e  chosen , each  o f 
th e  same s iz e  and v e g e ta t io n a l  c h a r a c t e r i s t i c s .  Bach m ust be la r g e  
enough so  t h a t  i t  ta k e s  ap p ro x im a te ly  30  m inutes t o  walk through* 
c o v e rin g  th e  e n t i r e  a re a .
A f te r  w alk ing  th ro u g h  th e  f i r s t  a r e a  and r e c o rd in g  th e  s q u i r r e l s  
seen* th e  o b se rv e r  e n te r s  th e  second a r e a  and r e p e a ts  th e  p ro c e s s .  
A f te r  w alk ing  th ro u g h  th e  second a r e a  th e  o b se rv e r  r e tu r n s  to  th e  
f i r s t  a re a  and b eg in s  again*  r e p e a t in g  th e  p ro c e ss  i n  bo th  a r e a s .
Each a re a  has th e n  been  v i s i t e d  tw ice  f o r  a  t o t a l  o f  60 m in u te s . The 
t o t a l  number o f  s q u i r r e l s  seen  on b o th  to u rs  th ro u g h  each  a re a  i s  
t o t a l e d .  T h is i s  done r e g a rd le s s  o f s q u i r r e l s  t h a t  may have b een  
c o u n ted  tw ic e . I t  is 'a s s u m e d  th a t  th o se  observed  r e p e a te d ly  w i l l  
make up f o r  th o se  t h a t  were n o t seen  on e i t h e r  s u rv e y  o f th e  a r e a s .
The t o t a l  number observed  i s  th en  c o n s id e re d  th e  p o p u la t io n  f o r  th e se  
a r e a s .
Jn  C o u n c il B lu ffs  th e  c i t y  b lo ck s  a re  r e c ta n g u la r  in  shape* 
narrow  enough so  t h a t  w alk ing  along  a  s t r e e t  th e  o b s e rv e r  c o u ld  
c o v e r  a  h a l f  b lo c k  a re a  on e i t h e r  s id e  d u rin g  th e  w in te r  when t r e e s  
a r e  l e a f l e s s .  What th e  o b se rv e r  a c tu a l ly  i s  co v e rin g  w ould .be a  f u l l  
b lo ck  from a l l e y  to  a l l e y  i f  th e  o b se rv e r  walks a lo n g  th e  s t r e e t .
I t  to o k  betw een 2$ and 35 m inutes to  walk fo u r  l i n e a r  b lo c k s  and th e n  
w alk over a b lo c k  and back  along  th e  fo u r  b lo ck s  and  a c ro ss  to  th e  
s t a r t i n g  p o in t .  Then* by  sk ip p in g  one block* th e  o b s e rv e r  c o u ld  
sam ple a  new a r e a  o f th e  same s iz e  (Appendix I I ,  M g . 2 ) .
The a c tu a l  s iz e  o f  each  one o f th e  sample a r e a s  would th e n  be 
t e n  square  b lo c k s  w ith  two o f th e se  sam ple a re a s ,  o r  20 sq u are  b lo c k s , 
b e in g  covered  in  each s p o t coun t a r e a .  There were seven o f  th e s e  
s p o t  coun ts made in  th e  c i t y ,  t o t a l i n g  lUO square b lo c k s  o f  a r e a  
sam pled .
Because th e r e  a re  t h r e e  d i f f e r e n t  c i t y  b lo ck  s iz e s  i n  C o u n c il 
B lu f fs  and becau se  p a r t  o f  th e  town i s  b u i l t  i n  th e  b l u f f  a re a  along  
w inding  s t r e e t s  w ith  no d e f i n i t e  b lo c k s , i t  was d i f f i c u l t  to  compare 
r e s u l t s  o f th e  p o p u la tio n  su rv ey  betw een a re a s . T h e re fo re  an  a e r i a l
7pho tog raph  o f th e  c i t y  o f  C ouncil B lu f fs  was o b ta in e d  from  th e  U. S. 
S o i l  and W ater C o n se rv a tio n  S e rv ic e  O ffice  i n  P o ttaw attam ie  County.
A g r id  was made w ith  th e  sq u ares  co rre sp o n d in g  to  th e  m iddle s iz e d  
c i t y  b lo ck s  on th e  f lo o d p la in  a re a  o f  th e  c i t y  (Appendix 1 1 /  F ig . 3)* 
T his g r id  was then  a p p lie d  to  th e  t o t a l  a e r i a l  pho tograph  w ith  th e  
number o f h a b i ta b le  b lo c k s  b e in g  c o u n ted . S ince  th e  p h o tog raphs 
u sed  were ta k e n  d u rin g  th e  l a t e  s p r in g  o r e a r l y  summer i t  was easy  
t o  p ic k  o u t la rg e  b u s in e s s  a re a s  and o th e r  t r e e l e s s  a re a s  t h a t  would 
• o f f e r .n o  s q u i r r e l  h a b i t a t .  These a re a s  co u ld  th e n  be s u b tr a c te d  
from  th e  t o t a l  h a b i ta b le  a re a  o f th e  c i t y .
L a te r  I  r e tu rn e d  to  each o f  th e  sample a re a s  and co u n ted  a l l  
th e  p rom inen t t r e e s  i n  each  o f th e  lis.0 b lo ck s  o f .sample a r e a .
Prom inent t r e e s  were th o se  t h a t  c o u ld  be c o n s id e re d  s q u i r r e l  h a b i t a t .  
The s m a l le s t  o f  th o se  coun ted  were a t  l e a s t  If? f e e t  t a l l .
I t  would a ls o  ap p ear t o  be s im p le r  to  f in d  th e  t o t a l  ac reag e  
o f  th e  c i t y  and use  th e  number o f s q u i r r e l s  p e r  a c re  as  a  b a s is  f o r  
f in d in g  th e  t o t a l  p o p u la tio n . Though i t  m ight appear e a s i e r  i t  
r e a l l y  i s  n o t  in  an u rb an  a re a . F o r th e  sp o t coun t method* b lo ck s  
make e x c e l le n t  u n i t s  o f  m easure. They a re  w e ll  d e f in e d  and even 
though th e r e  i s  some v a r i a t io n  i n  s ize *  by making th e  g r id  t h a t  was 
d e s c r ib e d  e a r l i e r  and ap p ly in g  t h i s  to  an a e r i a l  pho to  and n o t co u n t­
in g  t r e e l e s s  areas*  th e  h a b i ta b le  b lo c k  a re a  o f th e  c i t y  sh o u ld  be 
a c c u ra te .  The b ig g e s t  problem  i s  s e le c t in g  b lo c k s  o f th e  same s iz e  
to  match th o se  used  to  make th e  g rid *  in  o rd e r  to  im plem ent th e  a c tu a l  
sp o t co u n t.
From Jan u a ry  th ro u g h  A p r il  a l l  s q u i r r e l s  seen  a t  any tim e in  
C ouncil B lu f fs  were re c o rd e d . T his was done to  o b ta in  a  la r g e  sam pling 
on which t o  base  an e s t im a te  o f th e  p e rcen tag e  o f th e  t o t a l  p o p u la tio n  
o f Fox S q u i r r e l s  t h a t  i s  made up by  th e  b la c k  p h ase . Records were 
k e p t o f  lo c a tio n *  ty p e  o f  t r e e  i f  on a tre e*  tim e o f  day and atm os­
p h e r ic  c o n d i t io n s .  The method u sed  was sim ply  d r iv in g  th ro u g h  
C ouncil B lu f f s  r e s i d e n t i a l  d i s t r i c t s  a t  te n  m ile s  p e r  hour and re c o rd ­
in g  a l l  s q u i r r e l s  o b serv ed . There was always a  d r iv e r  p lu s  a  
p a sse n g e r  doing th e  o b se rv in g  f o r  maximum coverage. A reas ob serv ed
were s e le c te d  random ly w ith in  a l l  v e g e ta t io n a l  and g e o g ra p h ic a l a re a s  
o f th e  c i t y .
The D is t r ib u t io n  of  th e  M e la n is t ic  Phase i n  E a s te rn  N ebraska and 
W estern  Iowa
The l a s t  p a r t  o f th e  study* p lo t t i n g  th e  d i s t r i b u t i o n  o f th e  
m e la n is t ic  phase i n  e a s te rn  N ebraska and w es te rn  Iowa was accom plished  
w ith  th e  a id  o f th e  c o n s e rv a tio n  o f f i c e r s  o f bo th  s t a t e s .  A l e t t e r  
and q u e s tio n n a ire  were s e n t to- 18 o f f i c e r s  i n  Iowa and 21 o f f i c e r s  
in . N ebraska (Appendix V* F ig s .  17 and 1 8 ).
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R e su lts  o f  th e  B reeding Experim ent
In  th e  tra p p in g  f o r  th e  b re e d in g  experim ent* th e  wooden t r a p s  
la c k in g  th e  g la s s  pane were u n s u c c e s s fu l .  In  f a c t  th e se  t r a p s  were 
n o t  v i s i t e d  a t  a l l  by th e  s q u i r r e l s .  I t  became obvious t h a t  p rev io u s  
l i t e r a t u r e  was. c o r r e c t  i n  su g g e s tin g  a s q u i r r e l  would n o t e n te r  th e  . 
• trap  u n le s s ' i t  cou ld  see  a l l  th e  way th ro u g h  i t .
H avahart ro d en t t r a p s  No.- 2 and 2A were t r i e d  b u t . th e y  proved.
: u n s u c c e s s fu l .  There were two r e a s  bus f o r  th i s s  ' 1) b o th  t r a p s  a re  
to o  s h o r t  t o  co v er th e  Fox S q u i r r e l ’ s t a i l  a t  th e  tim e th e  an im al 
t r ip p e d  th e  t r a p j  2) th e  mesh along  th e  b a i t  a re a  i s  la rg e  enough so 
t h a t  a  s q u i r r e l  cou ld  re a c h  th ro u g h  th e  s id e  f o r  th e  b a i t  and  t r i p  
th e  t r a p  w ith o u t ev e r e n te r in g  th e  t r a p .
The ways to  g e t  around  th e se  problem s a re  to  u se  e i t h e r  a 
l a r g e r  t r a p  such as th e  3 o r 3A H avaiiart s e r i e s  o r  t o  use th e  H avahart
No. U w hich i s  made much lo n g e r  th a n  th e  No. 2 and 2A. The No. u i s
a ls o  made o f  hardw are c lo th .  The mesh i s  f in e  enough to  p r o te c t  th e  
b a i t  from  b e in g  o b ta in ed  by re a c h in g  th ro u g h  th e  s id e  o f th e  t r a p .
The H avahart l iv e  t r a p s  3? 3A and U a l l  worked w e ll  w ith  th e  No. U 
w orking th e  b e s t .
A f te r  b e in g  tra p p e d  th e  s q u i r r e l s  were tak en  to  th e  cag es 
p re v io u s ly  d e s c r ib e d . T rapping s t a r t e d  th e  second week i n  Septem ber 
and c o n tin u e d  u n t i l  December 1 s t .  I t  was o r ig in  .a lly  b e l ie v e d  th a t
th e  s q u i r r e l s  would b re e d  l a t e r  i n  December.
The above p a r t  o f  th e  s tu d y  p ro v ed  u n s u c c e s s fu l  because  of 
fo llo w in g  p rob lem s, The a re a  in  w hich th e  cag es  were k e p t p roved  to  
be to o  rem ote f o r  me t o  c a re  a d e q u a te ly  f o r  th e  an im als  d u r in g  th e  
w in ter*  th e  e f f e c t s  o f  th e  shock f a c t o r  d e sc rib e d  by A llen  (19U<0 and 
Baum gartner (19U0) and th e  w ire  u se d  in  c o n s tru c t in g  th e  cag es  p roved  
in a d e q u a te .
xo
S in ce  b reed in g  i n  c a p t iv i t y  was n o t p o s s ib le  th e  m ajo r em phasis 
o f  th e  s tu d y  became th e  in v e s t ig a t io n  o f in d iv id u a ls  i n  a  w ild  s e t t i n g .  
T his was done i n  C o u n c il B lu f fs ,  Iow a. Two d i f f e r e n t  in s ta n c e s  o f 
m ating  o r a tte m p ted  m ating  betw een th e  m e la n is t ic  and ru fo u s  p h ases
were o b se rv ed . The f i r s t  in s ta n c e  observed  on Ja n u a ry  25 > 1973
o cc u rre d  i n  a, cottonw ood t r e e  a t  23rd  and I  S t r e e t .  In  t h i s  case  
th e r e  were two re d  m ales and one b la c k  male a tte m p tin g  to  m ate w ith  
a  s in g le  re d  fem ale . The a c t io n  was w atched f o r  ap p ro x im a te ly  U$ 
m in u te s , d u r in g  which time- th e  fem ale  rem ained ex trem e ly  u n re sp o n s iv e . 
During t h i s  tim e i t  a ls o  became obvious t h a t  th e  dom inant m ale would 
d r iv e  away th e  o th e r  two m ales to  w in th e  f a v o r  o f  th e  fem a le . One 
o f  th e  re d  m ales p roved  to. be dom inant over th e  rem ain ing  r e d  male . 
and th e  b la c k  m ale. The b la c k  m ale , though, p ro v ed  to  be dom inant 
over th e  rem ain ing  re d  m ale . The b la c k  male s to o d  second i n  th e
dom inant h ie ra rc h y  t h a t  was e s ta b l i s h e d  c o n ce rn in g  m ating  a tte m p ts
w ith  th e  s in g le  re d  fem a le .
The norm al c h a in  of e v e n ts  d u rin g  t h i s  m ating  chase  
were t h a t  th e  dom inant male would advance tow ard  th e
fem ale  and be r e fu s e d ,  he would, th en  tu r n  and a t ta c k
th e  b la c k  male and d r iv e  him a  g r e a te r  d is ta n c e  from  
th e  fem ale . The b la c k  male would th en  do th e  same th in g
to  th e  o th e r  r e d  m ale . A f te r  th e  a t ta c k  on th e  b la c k
m ale th e  dom inant re d  male would resume a tte m p ts  t o  
m ate w ith  th e  re d  fem ale .' D uring th e  dom inant m a le ’s 
c o u r t in g  a tte m p ts , th e  b la c k  m ale would s lo w ly  approach 
th e  fem ale and b eh in d  him th e  t h i r d  m ale would approach  
u n t i l  th e  b la c k  m ale cams to o  c lo se  to  th e  dom inant re d  
male and was d r iv e n  o f f .  T h is p ro cess  was re p e a te d  
s e v e r a l  t im e s .
The second m ating  observed  o ccu rred  In  an ash t r e e  
along  th e  sc h o o l y a rd  t h a t  i s  on th e  n o r th e a s t  c o rn e r  
o f 32nd S t r e e t  and Avenue B. In  t h i s  ca se  two re d  m ales 
were a tte m p tin g  to  mate w ith  a  s in g le  b la c k  fem ale . T h is  
tim e one re d  m ale was d r iv e n  o f f  d u rin g  a c t io n s  s im i la r
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t o  th o se  r e l a t e d  above and m ating was accom plished 
a t  l e a s t  once and p o s s ib ly  tw ice i n  th e  app ro x im ate ly  
30 m inutes t h a t  was sp e n t observ in g  th e se  th r e e  
s q u ir r e ls *
The r e s u l t s  o f  t h i s  m ating  were n o t  observ ab le  because  th e  t r e e  
i n  w hich th e  m ating  took p la c e  had n e i th e r  den h o le s  o r  a n e s t ,  
su g g e s tin g  t h a t  th e  t r e e  may n o t have been  im p o rtan t i n  t h i s  fe m a le ’s 
home range* The a r e a  in  which th e  m ating  was o b served -averaged  o v er 
l.ij, s q u i r r e l s  p e r  square, b lo c k  o f which a lm o st 3Q& w ere b lack  (se e  
A ppendix I I I ,  F ig . 9 ) .  Even though each s q u i r r e l  w ould have a home • 
'ran g e , each  o n e ’s home range i s  overlap p ed  by  many o t h e r s .* T h e re fo re , 
any a tte m p t t o  I d e n t i f y  t h i s  s p e c i f ic  fem ale  was im p o ss ib le  s in c e  .she 
b o re  no d is t in g u is h in g  m arks.
From th e  few m ating a tte m p ts  observed  i t  i s  t e n t a t i v e l y  con­
c lu d ed  t h a t  random m ating does occur w ith o u t reg ard  t o  th e  c o lo r  
phase  o f  th e  s q u i r r e l s  in v o lv e d  and w ith  n e i th e r  phase  b e in g  dom inant 
i n  th e  irpeck o r d e r ’1 t h a t  m ight be e s ta b l i s h e d .  F u rth e rm o re , w hereas 
many re s e a rc h e r s  have c la im ed  t h a t  Fox S q u ir r e ls  m ate f o r  l i f e  
(B u rto n , 1962 and A lle n , ±9k2) ,  i t  seems t h a t  the m a tin g  chase as  
d e s c r ib e d  by Baum gartner (19U0) was p a r t i c ip a te d  i n  by  more th a n  one 
male s q u i r r e l  and a  s in g le  fem a le . In  b o th  in s ta n c e s  c i t e d ,  th e  
dom inant male m ated w ith  o r was o b v io u sly  i n  p o s i t io n  t o  mate w ith  
th e  fem ale when she was r e c e p t iv e .  The a c t io n s  o f  th e  fem ale i n  b o th  
c a se s  resem bled  in  many ways th o se  o f a  fem ale  dom estic  c a t  d u rin g  
m a tin g . Both o b s e rv a tio n s  te n d e d  to  r e f u t e  th e  b e l i e f  t h a t  Fox 
S q u i r r e l s  mate f o r  l i f e .
D uring o b se rv a tio n s  o f  th e  W estern Fox S q u ir re l  p o p u la tio n  in  
C o u n c il B lu f fs ,  a re d  and b la c k  mixed in d iv id u a l, was seen  a t  
2323 South  8 th  S t r e e t .  T his in d iv id u a l  had  a .d is t in c t ly .b la c k - b o d y  
in c lu d in g  th e  b ase  o f  i t s  t a i l ,  w ith  th e  r e s t  o f th e  t a i l  b e in g  r e d . 
There was on3y one o th e r  in d iv id u a l  o u t o f  a lm ost 3®0 s q u i r r e l s  t h a t  
I  o b serv ed  t h a t  m igh t p o s s ib ly  have been b ic o lo rs d . T h is  one was 
n ev e r  observed d i s t i n c t l y  enough to  d e te rm in e  tte- c o lo r  d i s t r i b u t i o n .
12
S in ce  th e  b re e d in g  experim en t had f a i l e d ,  b u t m a tin g  betw een 
th e  p h ases  had been o b serv ed  in  th e  w ild , i t  seemed l o g i c a l  t h a t  a 
tw o -c o lo re d  s q u i r r e l  c o u ld  be th e  r e s u l t  o f  such  a  m a tin g , p ro v id ed  
th e  genotype f o r  m elanism  i s  n o t  a  sim ple M endelian t r a i t .
In  an a ttem p t t o  g a th e r  a d d i t io n a l  in fo rm a tio n  on p a r t i a l  
m elanism , I  p u b lish e d  a  r e q u e s t  i n  a  l o c a l  new spaper r e q u e s t in g  
in fo rm a tio n  from Umaha and C o u n c il B lu ffs  r e s id e n t s  who had  observed  
b ic o lo re d  s q u i r r e l s  i n  t h e i r  neighborhood . The resp o n se  in c lu d e d  
f iv e  s e p a ra te  lo c a t io n s  and d e s c r ip t io n s  o f b la c k  s q u i r r e l s  w ith  re d  
t a i l s *  There was a l s o  one c a l l  d e s c r ib in g  a  s q u i r r e l '  t h a t  was b la c k  
dors a l l y  w ith  th e  v e n t r a l  s id e  r e d .  L a te r  'a l e t t e r  was r e c e iv e d , 
a long w ith  a  c o lo r  s l i d e ,  from a c o n s e rv a tio n  o f f i c e r  i n  F o r t  Bodge, 
Iowa, who had n ev er observed  a co m p le te ly  b la c k  s q u i r r e l  i n  h is  a r e a ,  
b u t  had p e r io d ic a l ly  seen  th o se  t h a t  a re  b la c k  v e n t r a l ly  w ith  th e  
back  and t a i l  red*
Baum gartner (191;3b) d e s c r ib e s  two v a r ia t io n s  from  f u l l  m elanism  
he found i n  O hio. H is p e la g e  s tu d y  re v e a le d  m o rp h o lo g ica l ty p e s  
w hich were c o m p le te ly  b la c k , b lac k  v e n t r a l ly  w ith  th e  d o r s a l  s id e  
and  t a i l  re d  and b lac k  d o r s a l l y  in c lu d in g  th e  t a i l  w ith  th e  v e n t r a l  
s id e  r e d . The s l i d e  re c e iv e d  from th e  c o n s e rv a tio n  o f f i c e r  and one 
re sp o n se  to  th e  p u b lish e d  r e q u e s t  m atched B au m g artn er's  c o lo r  v a r i a ­
t i o n s .  N o tice  t h a t  a l l  o f  B au m g artn er 's  v a r ia t io n s  have th e  back  
and th e  t a i l  th e  same c o lo r .
My o b s e rv a tio n  o f th e  m e la n is t ic  phase  a p p a re n tly  adds a  fo u r th  
c o lo r  co m b in a tio n , t h a t  o f  b la c k  w ith  a  r e d  t a i l .  T h is  co m b in a tio n , 
as p re v io u s ly  d e s c r ib e d , has a t o t a l l y  b la c k  body and t a i l  b ase  w ith  
th e  r e s t  o f  th e  t a i l  -red.
G e n e tic  C o n tro l
A lo g i c a l  e x p la n a tio n  f o r  th e  above i s  t h a t  th e  m elanin  i s  
c o n t r o l l e d  by a t  l e a s t  th r e e  d i f f e r e n t  s e t s  o f  a l l e l e s ,  p ro b a b ly  
many more (Quevedo, 1971), combined i n  a  supergene com plex. The 
b a s i s  f o r  t h i s  s ta te m e n t i s  t h a t  s in c e  common in te rb re e d in g  betw een 
th e  p h ases  ap p ea rs  to  ta k e  p la c e  i n  th e  w ild , and s in c e  i t  c a n n o t be
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a  s in g le  gene t h a t  c o n tro ls  a t  l e a s t  f iY e  d i f f e r e n t  c o lo r  c o m b in a tio n s , 
end s in c e  th e  m a jo r i ty  o f th e  o f f s p r in g  .m ust be e i t h e r  b lack  o r  re d  
o r th e  mixed in d iv id u a ls  would be more common, i t  l o g i c a l ly  fo llo w s  
t h a t  m elanism  i n  th e  W estern  Fox S q u i r r e l  i s  c o n t r o l le d  by a  supergene 
t h a t  has two weak p o in ts .  The genes would have t o  be  so  a rra n g e d  so 
t h a t  a l l  th o se  re s p o n s ib le  f o r  v e n t r a l  c o lo ra t io n  would have t o  be 
c lo s e  to g e th e r ,  th o se  r e s p o n s ib le  f o r  d o r s a l  and t a i l  c o lo r a t io n  
would have to  be c lo se  t o g e t h e r , . w ith  a  weak p o in t  betw een th o se  
genes c o n t r o l l in g  d o r s a l  and t a i l  c o lo r a t io n  and a n o th e r  weak p o in t  
betw een th e  gen es  c o n t r o l l in g  v e n t r a l  c o lo r a t io n  and th o se  govern ing ' 
d o r s a l  c o lo r a t io n !  More su p p o rt f o r  t h i s  th eo ry  i s  p re s e n t  i n '  th e  • '•
work by  Quevedo (1971) i n  -which. Mas. nra.scuius, a ls o  a member o f th e  
o rd e r  R o d en tia , h as  been shown to  have as many as 70 genes a t  iiO 
d i f f e r e n t  lo c i  c o n t r o l l in g  th e  v a r io u s  a s p e c ts  of m elanism . The 
a c tu a l  number o f genes c o n t r o l l in g  m elanism  in  th e  W estern Fox S q u i r r e l  
c o u ld  on ly  be e s tim a te d  a f t e r  e x te n s iv e  in te rb r e e d in g  o f th e  two 
p h a se s .
N orm ally i t  appears  t h a t  th e  "supergene" i s  i n h e r i t e d  as  a 
s im p le  dom inant, a c tin g  as  one gene t h a t  causes com plete  m elanism .
!
S u p p o rt f o r  t h i s  comes i n  r e p o r t s  from  Omaha and C o u n c il B lu ffs  
r e s id e n t s  t h a t  have observed  mixed m ating  on t h e i r  p ro p e r ty  and t h a t  
th e  r e s u l t s  o f  th e se  m atings were o f f s p r in g  c o lo re d  e i t h e r  c o m p le te ly  
b la c k  o r  c o m p le te ly  re d . I t  canno t be s t a t e d  p o s i t i v e ly ,  b u t  from  
th e  l im i te d  r e p o r t s  i t  ap p eared  t h a t  th e  b lack  o f f s p r in g  may outnumber 
th e  r e d  o f f s p r in g  from a  m ixed m atin g .
There does seem to  be a  s l i g h t  v a r i a t io n  in  th e  degree o f  
e x p re ss io n  o f  t h i s  supposed 11 su p erg en eH. Many b la c k  s q u i r r e l s  have 
a  re d d is h  t in g e  b u t  some o f  t h i s  was e x p la in e d  by Moore (1956) who 
s t a t e d  t h a t  he c o n s id e re d  re d d is h -b la c k  h a i r  to  be  o ld  h a i r  which 
was re p la c e d  w ith  d ark  b la c k  h a i r  d u r in g  th e  y e a r ly  m oult i n  th e  
s p r in g .  T his y e a r ly  m oult can  make a s q u i r r e l  ap p ear s l i g h t l y  
b ic o lo re d  s in c e  i t  n o rm ally  p roceeds from  th e  nose t o  th e  t i p  o f  th e  
t a i l  w ith  a s t r o n g ly  d e f in e d  l in e  betw een th e  new and th e  o ld  h a i r  
( B aum gartner, 19U3b) .
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H e su its  o f  th e  P o p u la tio n  S tudy
B eginn ing  in  Ja n u a ry , 1973 n i l  s q u i r r e l s  seen  w h ile  X was in  
C ouncil B lu f fs  were re c o rd e d  as  t o  c o lo r ,  lo c a t io n  and ty p e  o f t r e e  
o r o th e r  o b je c t  t h a t  th e y  were seen  upon. The in fo rm a tio n  in  
Appendix XXI, F ig u re  I4 and Appendix XV, F ig u re  8 was g a th e re d  by 
th e  method o f  d r iv in g  th rough  r e s i d e n t i a l  a re a s  a t  ap p ro x im a te ly  te n  
m ile s  p e r  h o u r. This sam pling  was done random ly so  t h a t  r e s i d e n t i a l  
■and b u s in e ss  a re a s  w e re . sam pled i n  b o th  th e  f lo o d p la in  and b l u f f s  a re a  
o f  th e  c i t y .
An i n t e r e s t i n g  r e s u l t  o f  t h i s  i s  shown in  Appendix XXX, F ig u re
6 . Though s t a t i s t i c a l l y  i n s i g n i f i c a n t ,  i t  ap p ears  t h a t  on c o ld  days 
(below  hk° Fe.) more b la c k  phase  th a n  re d  phase s q u i r r e l s  were seen . 
There a re  a  number o f  p o s s ib le  re a so n s  f o r  th is *  One i s  t h a t  th e  
b la c k  phase  may be e a s i e r  to  sp o t th a n  th e  re d  phase  when snow i s  
p r e s e n t .  S in ce  th e se  o b s e rv a tio n s  were made in  J a n u a ry , F eb ru ary  
and March d u r in g  which snow was p r e s e n t  most o f  th e  tim e , t h i s  cou ld  
have been a f a c to r .
A nother e x p la n a tio n  i s  t h a t  th e  b la ck  h a i r  ab so rb s  much more 
warmth from  th e  sun, m aking a c t i v i t y  p o s s ib le  d u rin g  c o ld e r  tem per­
a tu r e s  th a n  th o se  a t  w hich th e  re d  phase  would be a c t iv e .  S tu d ie s  
o f  t h i s  ty p e  in v o lv in g  d e s e r t  i n s e c t s  were m entioned e a r l i e r  
(H am ilton , 1973). To o b ta in  s t a t i s t i c a l l y  s ig n i f i c a n t  ev id en ce  
c a r e f u l  s tu d ie s  o f th e  same a re a s  on d i f f e r e n t  days when tem p e ra tu re s  
were above o r  below  i*!*0 F, would have to  be co n d u c ted . The re a so n  
f o r  s e le c t in g  hk° F. i s  t h a t  t h i s  i s  th e  median o f  th e  optimum 
tem p e ra tu re  range  o f i|0° to  i|8° F. su g g ested  by H icks (19b9).
The p o p u la tio n  e s tim a tio n  m ethod im plem ented was t h a t  u se d  by 
H icks (I9 li2 ) which has p re v io u s ly  been d e sc rib e d . During th e  su rvey  
109 s q u i r r e l s  were s ig h te d  in  IhO b lo c k s  of su rv ey  a re a ,  an average 
o f  .78 s q u i r r e l  p e r  sq u a re  b lo c k . U sing th e  a e r i a l  pho tograph  
d e s c r ib e d  i n  th e  m ethods s e c t io n ,  th e  c i t y  b lo ck s  t h a t  I  c o n s id e re d  
good s q u i r r e l  h a b i t a t  were co u n ted . This to t a l e d  2,162 h a b i ta b le  
b lo c k s . E x tra p o la t in g ,  th e  W estern Fox S q u ir r e l  p o p u la tio n  i n  
C o u n c il B lu f fs  approx im ates 1,685 in d iv id u a ls .
As was m entioned e a r l i e r  a l l  s q u i r r e l s  o bserved  in  C o u n c il 
B lu f fs  were re c o rd e d . T h is  in c lu d e d  many more s q u i r r e l s  th a n  th o se  
co u n ted  i n  th e  p o p u la tio n  s tu d y . A l l  th e  s q u i r r e l s  counted* in c lu d in g  
th o se  i n  th e  p o p u la tio n  s tu d y , t o t a l e d  2i |8 . Of t h i s * 112 (8 5 .2 ^ )  
w ere b la c k  and 136  (5 8 *&%) were r e d .  For th e  t o t a l  p o p u la t io n  i t  
would be 762 o f  1 , 6 8 5 ) b la c k  phase and 9^3 (58*8$ o f  1 *685 )
r e d  phase  s q u i r r e l s .
A co m p le te ly  d i f f e r e n t  im p re ss io n  f o r  th e  s q u i r r e l  p o p u la tio n  
can  be d e r iv e d  i f  th e  h a b i ta b le  b lo c k s  a re  d iv id e d  in to  f  lo o d p la in - 
b lo c k s  and u p lan d  b lo c k s .  Of th e  2*162 b lo ck s  in  th e  c ity *  1*126 
a re  f lo o d p la in  b lo ck s  and 1*036 a r e  i n  th e  b lu f f s  a re a  o f  th e  c i t y  
and would be c o n s id e re d  u p lan d  b lo c k s .  The f lo o d p la in  b lo c k s  su rveyed  
by th e  sp o t co u n t method averaged  1 .0 1  s q u i r r e l s  p e r  b lo c k . E x tra ­
p o la t in g  f o r  th e  1*126 f lo o d p la in  b locks*  th e r e  would be 1 ,137  
s q u i r r e l s  on th e  f lo o d p la in .
The u p lan d  a re a  o n ly  averaged  .2 0  s q u i r r e l s  p e r  b lo c k . The 
uplands* acco rd in g  to  th e  above method* would th e n  have a  pc p u l  a t  2. on 
o f 20? s q u i r r e l s .  U sing t h i s  method* C ouncil B lu f fs  would th e n  have 
a  W estern Fox S q u i r r e l  p o p u la tio n  o f 1*388 in d iv id u a ls . A pplying 
th e  phase p e rc e n ta g e s  p re v io u s ly  s t a t e d  i t  would mean t h a t  th e r e  a re  
607 (85*2$ o f  1*388) b la c k  phase and 737 (58*8$ o f  1*388) r e d  phase 
s q u i r r e l s  w ith in  th e  c i t y  l im i t s  o f  C ouncil B lu ffs*  Iow a.
The above f ig u r e s  appear v e ry  low, One p ro b ab le  cau se  f o r  t h i s  
i s  t h a t  th e  su rv ey  was conducted  i n  March* b e fo re  any newborn s q u i r r e l s  
h ad  l e f t  th e  n e s t .  T h is th e o ry  i s  su p p o rte d  by th e  f a c t  t h a t  no 
im m ature s q u i r r e l s  were re c o rd e d  d u r in g  th e  sp o t co u n t su rv e y . The 
a c tu a l  p o p u la t io n  t h a t  was counted* th e  a d u l t  popu la tion*  was a t  i t s  
y e a r ly  low . There c o u ld  e a s i ly  be a  h ig h  d u rin g  th e  summer months* 
c o u n tin g  im m ature s q u ir r e ls *  t h a t  c o u ld  exceed  2*500 in d iv id u a ls  
g r e a te r  th a n  th e  p o p u la tio n  e s t im a te .  T his s ta tem en t i s  b a se d  on an 
e s tim a te  t h a t  ap p ro x im a te ly  h a l f  th e  a d u l t  p o p u la tio n  c o n s is t s  o f 
fem ales c ap a b le  o f  b e a r in g  a t  l e a s t  one and p o s s ib ly  two l i t t e r s  o f 
young t h a t  av erag e  fo u r  young p e r  l i t t e r  (Baumgartner* 1938 and 
J  ackson , 1961 ) .
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W hile th e  p o p u la tio n  s tu d y  was b e in g  conducted , th e  s p e c ie s  
o f t r e e  t h a t  each  s q u i r r e l  o ccu p ied  a t  th e  tim e o f s ig h t in g  was 
re c o rd e d  and l a t e r  th e s e  a re a s  were su rv ey ed  to  d e te rm in e  th e  s p e c ie s  
co m p o sitio n  and r e l a t i v e  d e n s i ty  of th e  p redom inate  t r e e s  i n  each  o f  
th e  a r e a s .  This- d a ta  i s  c o n ta in e d  i n  A ppendix IV, F ig u re s  7  ^ 8 , 11*,
15> and 16. A com bination  o f  th e  v a r io u s  d a ta  c o n ta in e d  i n  th e se  
F ig u re s  i s  p re s e n te d  on th e  g raphs i n  A ppendix IV, F ig u re s  9 th ro u g h  
13, Each o f th e  f i r s t  seven  graphs re c o rd s  th e  v e g e ta t io n a l  c h a ra c -  . 
t p r i s t i c s -  f o r  each  s tu d y  s i t e  combined w ith  th e  number o f  s q u i r r e l s  
o f  ea ch  c o lo r  phase  t h a t  were -observed upon each, t r e e  ty p e . . The 
e ig h th  g raph  com bines t h i s  d a ta .
.-' The graphs 1 th rough  i t • and 7- r e p re s e n t  f lo p d p la in  a re a s ,  w h i le ,
5 and 6 r e p re s e n t  su rveys i n  th e  b lu f f s  a r e a  o f th e  c i t y .  In  m ost 
a re a s  o f  th e  c i t y  th e  elm i s  s t i l l  th e  dom inant t r e e  d e s p i te  th e  
e f f e c t  o f  d u tch  elm  d is e a s e .  There were s e v e ra l  s p e c ie s  o f  elm 
b u t  th e s e  were n o t  s e p a ra te d .  The number o f  s q u i r r e l s  seen  i n  th e  
elm t r e e s  was a l s o  th e  h ig h e s t  number seen  in  any o f  th e  t r e e  ty p e s ,
21 r e d  and n in e  b la c k  w ith in  th e  su rv ey  r e g io n .
Map3.es were th e  n e x t m ost common t r e e ,  The m aples a ls o  had  
th e  n e x t h ig h e s t  number o f s q u i r r e l s  re c o rd e d , 13 r e d  phase  and 13 
b la c k  p h ase . V Jithin th e  su rv ey  a re a  o f IliO sq u are  b lo c k s  th e  elms 
and m aples outnum bered a l l  o th e r  t r e e s  t a l l  enough t o  be c o n s id e re d  
s q u i r r e l  h a b i t a t .  The s q u i r r e l s  seen  i n  th e  elms and m aples a ls o  
outnum bered a l l  th e  s q u i r r e l s  i n  a l l  th e  o th e r  t r e e  ty p e s  i n  th e  
su rv ey  a re a ,  in c lu d in g  th o se  n o t  seen  upon t r e e s  and re c o rd e d  as 
seen  on fr o th e r” (Appendix IF , F ig u re  7 ) .
Ash t r e e s  w ere t h i r d  h ig h  in  numbers b u t  ranked  f o u r th  h ig h  
in  s q u i r r e l  o c cu p an ts . Cottonw oods, by  f a r  th e  t a l l e s t  t r e e s  in  th e  
su rv ey  a re a ,  ran k ed  fo u r th  i n  abundance b u t t h i r d  i n  s q u i r r e l  
i n h a b i t a n t s .  Some t r e e  s p e c ie s  such as sycam ores seldom  c o n ta in e d  
s q u i r r e l s .
Of th e  seven  sample a r e a s ,  th re e  had o b v io u sly  few er t r e e s  th a n  
th e  o th e r  fo u r  a reas*  These a re a s  a re  th e  two a re a s  i n  th e  b lu f f s  
d i s t r i c t  o f C o u n c il B lu f fs  and an a re a  i n  so u th  c e n t r a l  C ouncil B lu f f s .
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T his l a s t  a r e a  i s  r e l a t i v e l y  i s o l a t e d  from th e  r e s t  o f  th e  c i t y  hav ing  
la rg e  r a i l r o a d  y a rd s  on th e  n o r th  and e a s t  s id e ,  a  new ly c o n s tru c te d  
I n t e r s t a t e  highway on th e  so u th  and open fa rm lan d  on th e  w e s t.
In  th e  b lu f f s  a re a  th e re  w ere v ery  few  s q u i r r e l s  o b se rv ed ,
.20 p e r  b lo c k  as com pared to  1 .0 1  p e r  b lo ck  f o r  th e  f lo o d p la in .
This may r e f l e c t  th e  s c a r c i t y  o f  good h a b i t a t  in  th e  b l u f f s .  Though 
th e re  were many t r e e s  on th e  s id e s  of th e  s te e p  b l u f f s ,  many of th e se  
•being n o n - r e s id e n t i a l  a r e a s ,  th e  m a jo r i ty  o f  th e  t r e e s  w ere young 
and n o t y e t  la rg e  enough t o  be good h a b i t a t .  A nother re a so n  was th e  
reduced  numbers .of fa v o re d  t r e e s  s u c h .a s  elm s and m ap les. S ince  
s q u i r r e l s ’ make e x te n s iv e  us& o f  buds as  food,* Baum gartner (1939) 
r a t e s  elm  and.m aple buds, and seed s  m ore,im p o rta n t th a n  w a ln u ts  and " 
aco rn s , th e  la c k  o f  th e s e  t r e e s  c o u ld  reduce  th e  s q u i r r e l  p o p u la tio n  
th e  a r e a  can  su p p o rt.
The o th e r  a re a  w ith  few t r e e s  i s  betw een 8 th  and 1 1 th  S t r e e ts  
and 23rd  and 27 th  A venues. I n i s  a re a  c o n ta in e d  a  m ix tu re  o f  o ld  
r e s i d e n t i a l  w ith  a few la rg e  o ld  t r e e s  and new r e s i d e n t i a l  w ith  many 
young t r e e s  b u t few la r g e  enough to  be c o n s id e re d  good s q u i r r e l  
h ab ita t® . 'There was a l s o  a  sch o o l and a p a rk  i n  th e  sam ple a re a , 
each c o v e r in g  one c i t y  b lo ck  and each  b lo ck  th en  hav ing  v e ry  few 
t r e e s .  T h is a re a  d id  have a  b e t t e r  th an  average s q u i r r e l  coun t 
however, c o n ta in in g  .85  s q u i r r e l s  p e r  b lo ck  as  compared to  .78 
s q u i r r e l s  p e r  b lo ck  f o r  th e  m o le  su rv ey . Of cou rse  t h i s  i s  le s s  
th a n  th e  average f o r  o n ly  f lo o d p la in  b lo ck s  (1 .0 1  to  .8 5 ) .
The re a so n  why t h i s  a re a  w ith  fewer, th a n  average t r e e s  was a b le  
t o  su p p o rt th e  s q u i r r e l  p o p u la tio n  th a t  i t  d id  cou ld  be e x p la in e d  
by th e  f a c t  t h a t  th e  m a jo r i ty  o f th e  t r e e s  i n  th e  a re a  were o ld  t r e e s  
p ro v id in g  e x c e l le n t  s q u i r r e l  h a b i t a t .  This a re a  was a ls o  one o f o n ly  
two a re a s  where m aples a re  more numerous th a n  elm s.
Homan E f f e c t s  Upon an Urban S q u i r r e l  A c t iv i ty
T here was one o th e r  problem  i n  o b se rv in g  th e se  s q u i r r e l s  t h a t  has 
n o t as  y e t  been  m entioned . Human a c t i v i t y  had a d e f i n i t e  e f f e c t  on 
th e  u rb an  s q u i r r e l .  Where most r e s e a rc h e r s  s tu d y in g  r u r a l  s q u i r r e l s
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c la im ed  t h a t  a c t i v i t y  was g r e a t e s t  from  7 t o  8 A.M. and l e a s t  from  
2 to  $ P.M. (H icks5 19i*9)s i t  ap p eared  t h a t  ru sh  hour t r a f f i c  and 
c h i ld re n  go ing  to  and from sc h o o l a l t e r e d  th e  s q u i r r e l  a c t i v i t y  d u r in g  
th e s e  p e r io d s ,  w ith  g r e a te s t  s q u i r r e l  a c t i v i t y  o c c u rr in g  betw een 9 A.M. 
and 3 P.M. There a ls o  was o b serv ed  a  p e r io d  o f reduced  a c t i v i t y  
c e n te re d  about noon* p ro b ab ly  cau sed  by in c re a s e d  human a c t i v i t y  a t  
lunch  tim e .
j d s t r i b n t i on o f  th e  M elanis t i c  Ph ase  i n Eas te r n  N ebraska and 
Western~ I-owa- • . .
The l a s t 'p o r t i o n  o f  t h i s  s tu d y  was concerned  w ith  th e  d i s t r i ­
b u t io n . o f . th e  b lack , phase i n  e a s te r n  N ebraska and w e s te rn  Iowa.
One o f  th e  o r ig in a l  h y p o th e s is -c o n c e rn in g  th e  m e la n is t ic  -phase was 
t h a t  i t  was p ro b a b ly  p re s e n t  o n ly  i n  u rb an  a re a s .  T h is  th e o ry  was 
based  on a  b e l i e f  t h a t  d u rin g  th e  w in te r  months th e  b la c k  phase would
be much e a s ie r  f o r  a p re d a to r  t o  see  and much e a s ie r  f o r  a  h u n te r  to
f in d .  The u rban  s q u i r r e l  would be p r o te c te d  from  b o th  ty p e s  o f 
p r e d a t io n .
The f i r s t  h i n t  t h a t  t h i s  h y p o th e s is  was n o t c o r r e c t  was c o n ta in e d  
in  Audubon* s M isso u ri R iv er J o u rn a ls  (18U 3). The f a c t  t h a t  Audubon 
saw th e  b la c k  phase h e re  a t  t h a t  tim e m eant th a t  th e  b la c k  phase was 
a b le  to  su rv iv e  i t s  n a tu r a l  p re d a to rs  w ith o u t any h e lp  from  a c i t y ’s 
p r o te c t io n .
To p l o t  th e  b la c k  phase d i s t r i b u t i o n  and to  f in d  o u t i f  th e
b la c k  phase  ccaild s u rv iv e  th e  in c re a s e d  p re s s u re s  i n  r u r a l  areas*
q u e s t io n n a ir e s  were s e n t  to  18 c o n s e rv a tio n  o f f i c e r s ' i n  Iowa and 
21 c o n s e rv a tio n  o f f i c e r s  in  N ebraska. Baum gartner (19U3a) o b ta in e d  
s im i la r  h e lp  from r u r a l  postm en. Examples o f  th e  q u e s tio n n a ire  and 
l e t t e r  s e n t  w ith  i t  t o  e x p la in  i t  a re  shown in  A ppendix V, F ig u re s  
17 and 18.
Of th e  18 q u e s tio n n a ire s  s e n t  to  Iowa o f f ic e r s  17 were r e tu rn e d .  
Hie. r e s u l t s  show t h a t  th e  b la c k  phase i s  p r e s e n t  i n  r u r a l  a r e a s .
The map in  Appendix V, F ig u re  19 has a re a s  shaded I n  which co n se rv a ­
t io n  o f f i c e r s  r e p o r te d  see in g  th e  b la c k  p h ase . Mhere c o u n tie s  were
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m entioned  a s  c o n ta in in g  b la c k  phase s q u i r r e l s ,  th e  e n t i r e  co m ity  was 
sh ad ed ? b u t  where s p e c i f ic  a re a s  were s ta te d *  o n ly  th o se  a re a s  were 
shaded* As can  be seen  from  th e  map* n o t a l l  m e la n is t ic  in d iv id u a ls  
a r e  d i s t r i b u t e d  along  th e  M isso u ri R iv e r  d ra in ag e  system . Those in  
W ebster, W orth and O erro  Guard© c o u n tie s  a re  a l l  a lo n g  th e  M is s is s ip p i  
R iv e r  d ra in a g e  system* T h is  c a s t s  d o u b t upon any th e o r y 't h a t  th e  
b la c k  phase m ig ra te d  a lo n g  th e  M isso u ri and sp re a d  i n t o  Iowa a lo n g  
th e  M isso u ri * s  t r i b u t a r i e s . The. b la c k  phase i s  a l s o  p re s e n t  i n  
Evanston* In d ia n a  and Rock Is lan d *  I l l i n o i s *  p ro v in g  t h a t  th e  b la c k  
p h ase  i s  w e ll  e s ta b l i s h e d  a long  th e  M is s is s ip p i  d ra in a g e  system .
The N ebraska c o n s e rv a tio n  o f f i c e r s  r e tu rn e d  16 o f th e  21 t h a t  
w ere s e n t .  The " re s u lts ' a r e  shown i n  th e  shaded a r e a s  on th e  map in  
Appendix V, F ig u re  20, N ebraska d o e s n 't  have as  h ig h  a p o p u la tio n  
o f  th e  b la c k  phase  no r as dense v e g e ta t io n  as Iowa* There a re  b la c k  
s q u i r r e l s  p r e s e n t  in  sm a ll numbers i n  Omaha* B e llev u e  and o th e r  towns 
i n  e a s te rn  Douglas* Sarpy, Cass* O toe, Nemaha and R ichardson  c o u n tie s .  
They a re  a l s o  p re s e n t  i n  sm a ll numbers i n  th e  r u r a l  a re a s  o f  th e s e  
c o u n t ie s .  A l l  o f  th e  above c o u n tie s  a re  a long  th e  M isso u ri R iv e r .
There i s  a good chance th a t  im p o rted  b la ck  p h ase  in d iv id u a ls  
have a l t e r e d  th e  p o p u la tio n  d i s t r i b u t i o n  p ic tu r e  i n  th e  two s t a t e s .
The c o n s e rv a tio n  o f f i c e r  i n  C ouncil B lu f fs  knew o f  many in s ta n c e s  
where b la c k  s q u i r r e l s  w ere tra p p e d  and r e lo c a te d .  The c o n s e rv a tio n
o f f i c e r  a t  Onawa, Iowa s t a t e d  th a t  b la c k  s q u i r r e l s  had  been  im p o rted
from  C o u n c il B lu f f s ,  b u t  so  f a r  th e  s to c k in g  had p ro v en  u n s u c c e s s fu l .
The above p ro b ab ly  e x p la in s  th e  p o p u la tio n s  i n  th re e  c e n t r a l  
N ebraska tow ns, Frem ont, F a irb u ry  and H a s tin g s . Though l i t t l e  i s  
known about F a irb u ry  and H a s tin g s , th e  Fremont p o p u la tio n  i s  supposed 
to  have descended  from b la c k  phase s q u i r r e l s  im p o rted  from  C o u n c il 
B lu f f s .
W hereas m ost o f th e  p o p u la tio n s  do occur in  u rb an  a r e a s ,  th e re  
a r e  many o f th e  b lack  phase i n  r u r a l  a r e a s ,  p a r t i c u l a r l y  in  Iowa end 
ex trem e s o u th e a s te rn  N ebraska. The env ironm ent, in c lu d in g  p r e d a to rs  
and h u n te r s ,  does n o t seem to  have s e le c te d  a g a in s t  th e  b la c k  phase
s tr o n g ly  enough to  c o n fin e  i t  j u s t  t o  u rb an  a r e a s .
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SUHMRX
The s tu d y  was p ro p o sed  to  have th r e e  p a r t s ,  a  b re e d in g  a tte m p t, 
a p o p u la tio n  s tu d y  o f C o u n c il B lu ffs  and a  s tu d y  o f  th e  d i s t r i b u t i o n  
o f  th e  m e la n is t ic  phase i n  e a s te rn  N ebraska and w e s te rn  Iowa*
S q u ir r e ls  were l iv e - t r a p p e d  i n  C ouncil B lu f f s  and th en  t r a n s ­
p o r te d  to  - th e  U n iv e rs i ty  ts  A llw ine Farm, The t r a p ,  t h a t  worked b e s t  
was th e  H avahart No. U»' • Because o f d i f f i c u l t i e s  t h a t  a ro se  such  as 
th e  d is ta n c e  t o  th e  farm , d i f f i c u l t y  i n  c o n fin in g  th e  s q u i r r e l s  and 
th e  lo s s e s  t o  what was p ro b a b ly  a  d rop  i n  b lood  s u g a r  i n  th e  caged 
a n im a ls , th e  b re ed in g  ex p erim en t was dropped.
In  f i e l d  o b s e rv a tio n s  two s p e c i f i c  in s ta n c e s  o f mixed m atings 
w ere o bserved . In  a d d i t io n ,  one b ic o lo re d  s q u i r r e l  was o b serv ed . 
S eek ing  more in fo rm a tio n  co n cern in g  th e  number o f b ic o lo re d  s q u i r r e l s  
i n  th e  a re a ,  a r e q u e s t  f o r  in fo rm a tio n  was p u b lish e d  in  th e  Omaha 
new spaper. F iv e  o f th e  re sp o n se s  to  t h i s  were d e s c r ip t io n s  o f s q u i r r e l s  
w ith  b lac k  b o d ie s  and r e d  t a i l s ,  These matched th e  c o lo r  com bination  
o f  th e  one X had observed  i n  C ouncil B lu f f s .  There was a ls o  one 
d e s c r ip t io n  from  a C o u n c il B lu f fs  r e s id e n t  and a s l i d e  from a  game 
o f f i c i a l  i n  F o r t  Dodge, Iowa th a t  m atched B aum gartner’s p e la g e  s tu d y  
(I9 li3 b ). The b la c k  s q u i r r e l  w ith  a r e d  t a i l  t h a t  I  observed  does add 
a n o th e r  v a r i a t io n  to  th e  W estern Fox S q u i r r e l ’s  c o lo r a t io n  as d e sc rib e d  
by B aum gartner (19U3b).
I t  can  be h y p o th e s ise d  from th e  in fo rm a tio n  g a th e re d  t h a t  th e  
two phases in te r b r e e d  in  th e  w ild  and t h a t  th e  genes c o n t r o l l in g  th e  
c o lo r  o f th e  in d iv id u a l  a re  a t  l e a s t  composed o f  th r e e  d i f f e r e n t  s e ts  
o f  a l l e l e s ,  p ro b a b ly  many m ore, combined i n  a supergene com plex.
The e s t im a te  o f th e  p o p u la tio n  f o r  C ouncil B lu f f s  was com pleted  
u s in g  the s p o t  co u n t method d e s c r ib e d  by Kicks (19 li3 ). Using t h i s  
m ethod, 3J4O b lo c k s ,  i n  v a r io u s  a re a s  o f  th e  c i t y ,  w ere in v e n to r ie d .
A t o t a l  o f  109 s q u i r r e l s  were seen  d u rin g  th e  in v e n to ry , o r an average 
o f  c?8 s q u ir r e ls - -p e r  b lo c k .
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The t o t a l  number of h a b i ta b le  b lo ck s  o f the  c i t y  were co u n ted  
u s in g  an a e r i a l  photograph* The t o t a l  number of b lo c k s  w ith in  th e  
c i t y  t h a t  were h a b i ta b le  t o t a l e d  2^162* There would th e n  be a p p ro x i­
m a te ly  1 ,685 W estern  Fox S q u i r r e l s  i n  C o u n c il B lu ffs  ( . 7 8  x  2 ,1 6 2 ).
D uring a l l  th e  o b s e rv a tio n s  i n  C o u n c il B lu ffs  a  t o t a l  o f  218 
W estern Fox S q u i r r e l s  were o b se rv ed . Of t h i s  t o t a l ,  1*5.2$ were b la c k  
p h a se . There would th en  be ap p ro x im a te ly  ?62 b lack  p h ase  and 923 re d  
phase W estern Fox S q u ir r e ls  i n  C ouncil B lu ffs .,
The t r e s s  i n  th e  su rv ey  a re a s  were- coun ted  and re c o rd e d . There 
.was a . r e la t io n s h ip  between th e . number o f t r e e s  in  an a r e a  and th e  
p o p u la tio n  o f s q u i r r e l s  th e  a r e a  co u ld  s u p p o r t .  Elms and m aples were 
dom inant, th e se  two combined outnum bered a l l  o th e rs  com bined.
Q u e s tio n n a ire s  were s e n t  t o  18 game o f f i c i a l s  i n  Iowa and 21 
o f f i c i a l s  in  N ebraska in  an e f f o r t  to  p l o t  th e  b lack  p h ase  d i s t r i ­
b u t io n .  I t  was found  th a t  th e  b la c k  phase i s  p re se n t a lo n g  b o th  s id e s  
o f th e  M isso u ri R iv e r  from  th e  so u th e rn  b o rd e r  of e i t h e r  s t a t e  
c o n tin u in g  n o r th  u n t i l  j u s t  n o r th  o f th e  Omaha-Gouneil B lu f fs  a r e a .
The b la c k  phase i s  p re s e n t  i n  a  number o f c o u n tie s  i n  Iowa e a s t  o f
th e  M isso u ri R iv e r , Some o f th e s e  c o u n tie s  a c tu a l ly  a re  on th e
*
M is s is s ip p i  R iv e r d ra in ag e  system . There a re  a lso  a few  i s o l a t e d  
c i t i e s  i n  b o th  s t a t e s  t h a t  c o n ta in  a  sm a ll p o p u la tio n  o f b la c k  phase  
s q u i r r e l s .  The ac cu racy  o f t h i s  in fo rm a tio n  has been  a f f e c te d  by 
th e  im p o rtin g  o f b la c k  phase s q u i r r e l s  by  r e s id e n ts  o f  th e s e  c i t i e s .  
The r e s u l t s  o f th e  q u e s tio n n a ire s  a ls o  show th a t  th e  b la c k  phase i s  
more common th an  p re v io u s ly  ex p ec ted  and i s  p re s e n t i n  b o th  u rb an  and 
r u r a l  a r e a s .
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APPENDIX I'
RANGE. OF THE "WESTERN FOX SQUIRREL 
This was. tak en  from  H a ll  and K elson (19f>9). The range o f  th e  
W estern  Fox S q u i r r e l  i s  a re a  7 w ith in  th e  shaded p o r t io n  o f  th e  map. 
F ig u re  1 . — . Range o f th e  Fox S q u i r r e l  :
1* s* n . a v ic e n n ia S. S. n* . Xudoviciarm s 9* S» n» su b a u ra tu s
2. s. n . bachmani 6 . S. n . n ig e r 10 , S. n . v u lp in u s
3. s. n . c in e re u s 7 . s. n . r u f iv e n te r
h . s. n , l i m i t i s a . s. n. sherm ani
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'APPENDIX I I
METHODS USED DURING THE SPOT COUNT 
SURVEY
D uring th e  a c tu a l  c o u n tin g  o f  th e  s q u i r r e l s  th e  a re a s  s e le c te d  
w ere t r a v e r s e d  i n  th e  m ethod shown b y  th e  arrow s i n  f ig u r e  2 0 The 
a c tu a l  s iz e  o f  th e  c i t y  b lo c k s  as th e y  appeared  i n  th e  a e r i a l  
p h o tog raphs u se d  a re  r e p re s e n te d  by th e  g r id  i n  f ig u r e  3»
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F ig u re  2f~-M ethod o f C onduction fo r  th e  S pot Count P o p u la tio n  Survey
1 1 th  S t. 10 th  S t . 9 th  S t. 8 th
23rd Ave.
2kth  Ave,
2 5 th  Ave.
26 th  Ave.
27 th  Ave.
S' '  S'NSKSKSNSK H ^ 0 0 ^ ^ 0 0 0 ^
"Syfyy.
'W\WiA,'X'Nvr
MS'KvV r » R ep resen ts  sam ple a re a  1
R ep resen ts  sam ple a re a  2
Arrow r e p re s e n ts  th e  d i r e c t io n  o f movement
Each sample a r e a  was v i s i t e d  tw ice
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F ig u re  3 . —Example o f th e  G rid  Used -to  Count H ab ita b le  B locks U sing 
a n  A e r ia l  Photograph o f  C ouncil B lu ffs
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' APPENDIX I I I
RESULTS OF OBSERVATIONS OF THE "WESTERN FOX SQUIRREL
F ig u re  1* re p re s e n ts  a l l  th e  s q u i r r e l s  observed  o th e r  th a n  th o se  
co u n ted  on th e  days -when th e  p o p u la tio n  s tu d y  was b e in g  conducted .
The t o t a l s  i n  f ig u r e  U were combined w ith  th o se  i n  f ig u re  5> (R e s u lts  
o f  th e  P o p u la tio n  Survey) to  o b ta in  a  c o lo r  phase r a t i o  f o r  th e  e n t i r e  
p o p u la tio n . F ig u re  6 shows what ap p ea rs  to  be a r e l a t io n s h ip  betw een 
s q u i r r e l  a c t i v i t y  and th e  te m p e ra tu re .
F ig u re  U .-“R e s u lts  o f O b serv a tio n s  O th er Than th e  P o p u la tio n  Survey
A rea Phase No. <
Lake Manawa B lack u
Red 0
South  C e n tra l B lack 1?
Red 314
N orthw est B lack 2
Red k
B lu f fs  N orth B lack 2
Red 1
B lu f fs  N orth B lack 8
and South Red 16
N o rth e a s t B lack 6
Red U
Southw est 1 B lack 15
Red 1°
N orthw est B lack 7
Red ■5





F ig u re  5*—-R esu lts  o f  th e  P o p u la tio n  Survey (S p o t Count)
Area
F lo o d p la in , sou thw est (2nd to  5 th  
Ave. and 3 1 s t  to  35 th  S t . )
F lo o d p la in , n o rth w est (Ave. A to
D and 3 1 s t  to  35 th  S t . )
F lo o d p la in , n o r th e a s t  (Ave. I) t o  
G and 2 1 s t  to  25th  S t .  )
F lo o d p la in , s o u th e a s t  (3 rd  Ave. 
t o  6 th  Ave. and 16 th  t o  20th  S t . )
B lu f fs ,  so u th  (F ra n k l in ,  P la in e r ,  
Bloomer and Carson)
B lu f fs ,  n o r th  (B enton, H a rriso n , 
Harmony and N« 1 s t  S t . )
F lo o d p la in , so u th  (8 th  to  11 th  
S t.  and 2 3 rd  to  2 ? th  A ve.)
T o ta l
Phase No. No. o f Blocks




















F ig u re  6 . -—Comparison o f Tem perature to  S q u i r r e l  A c t iv i ty
Date Tem perature B lack Red
Feb. 1 5 ,' 1973 17° F . - 15 8
J a n . 28, 1973 ' 22° F . g  ' 12
Feb. 17, 1973 29° F . 6 3
Feb. 8 , 1973 22° F . 7 <
Feb. 18, 1973 o37 F . 12 15
Feb. 25, 1973 33° F. 2 i
T o ta l 50
Date Tem perature 





Feb . 22, 1973 U8° F. 8 16
Mar. 30 , 1973 .
oO
n 18 18
Mar. 26, 1973 58° F. 18 27
Mar. 6 , 1973 56° F. 2 k
Mar. 27, 1973 62° F. 13 19
T o ta l 62 89
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APPENDIX IV
COMPARISON OF THE VEGETATIONS ANALYSIS AND SQUIRREL SIGHTINGS
The f ig u r e s  c o n ta in e d  in  t h i s  A ppendix r e p re s e n t  th e  s q u i r r e l s  
o b se rv ed  a cco rd in g  to  th e  ty p e  o f t r e e  each  was seen  upon and th e  a re a  
i n  w hich th e  o b se rv a tio n  was made* There a re  a ls o  l i s t i n g s  o f th e  
t r e e  numbers b y  ty p e  p e r  a r e a  o f o b s e rv a tio n . The g raphs th en  combine 
th e  above so t h a t  a  com parison o f th e  number o f s q u i r r e l s  o f  each  
phase  and th e  ty p e  o f t r e e  th e y  were o b serv ed  upon can  be compared to  
th e  number o f  t r e e s  i n  th e  area*
Figure 7*-*-Squirrels Versus Tree Types in  the Study Area
Column
Date A rea 1 2 3 u $ 6 7 8 9 10
3-30-73 23-27 Ave. R 0 0 2 0 0 1 0 0 0 u
8-11 S t . B 0 1 2 0 0 2 0 0 0 $
3-30-73 B lu ffs R 0 0 0 1 0 0 0 0 0 0
South B 0 0 0 0 0 0 0 0 0 0
3-29-73 3-6 Ave. R u 1 1 0 0 0 0 0 0 1
16-20 S t . B 2 1 0 0 0 1 0 0 0 0
3-29-73 B lu ffs R 0 1 0 0 0 0 1 0 0 1
N orth B 1 0 0 0 0 3 0 0 0 0
3-27-73 D-G Ave. R 0 3 7 0 0 6 0 0 1 2
21-2$ S t . B 0 1 1 0 0 3 0 0 0 u
3-26-73 2“$ Ave. R 0 1 u 0 0 1 0 0 1 0
31-3$ S t . B 0 3 $ 0 1 P. 0 0 0 1
3-26-73 A-D Ave. R 0 3 7 0 1 $ 0 0 0 u
31-3$ S t . B 0 1 1 0 1 U 0 0 0 1
T o ta l R u 9 21 1 1 13 1 0 2 12




0 0 0 11
R; Red phase 
B: B lack  phase
Ave. 5 Avenue 
S t.*  S t r e e t
B lu f fs  Souths F ran k lin *  P la in e r ,
B lu f fs  N orth ; H a rr iso n , Harmony,
Column 1 ; Ash
2: Cottonwood
3; Elm 
Us H ackberry 
5>V Ironwood
Bloomer and Carson S t r e e t s .
Benton and N orth 1 s t  S t r e e t s .
6 s Maple 
7; Oak 
8 ; Sy c amore 
9: H illo w
10: O th er; an y th in g  o th e r  th an
t r e e
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Figure 8 . —Squirrels Versus Tree Types Outside the Study Area














































































































































































































































R: B lack  phase













8 s Sycamore 
9: Willow-
10: O th e r: an y th in g  o th e r  th an
a t r e e .
3U




Areas Ave. 2 to  5 and 3 1 s t  t o  3 5 th  S t.
| - a  5. r  f - .a
BH'oBRt  ^ BRk  BR^BE^BRgBRp BR^BR^BRpi












B: B lack 
R:Red
Area? Ave. A to  D and 3 1 s t  to  35>th S t .Graph 2
35
F ig u re  1 0 * --Com parison o f  th e  
S ig h tin g s
V e g e ta tio n s !  A n a ly s is  and S q u i r r e l
Graph 3 
80
Area? Ave. D t o  G and 2 1 s t  to  2f>th S t.
50
JS BR BE s: BR S  BR o  BE w BR-s; BR m BRop p3 jU Qj «<f H* H* jS>



























Areas Ave. 3 to  6 and 16 th  t o  20 th  S t
si

















F ig u re  ll.~ ~C om parison  o f th e  V e g e ta tio n a l A n a ly s is  and S q u i r r e l  










A rea; F ra n k lin  , P la tn e r ,  Bloomer and Gar son S t .















B ;B lack  
RsRed
Graph 6 A rea; H a rriso n , Harmony, Benton and N. 1 s t  S t .
20
10
>  BR.oRhwBRwBRi-atJttsjBRts BRo BRco BR;r BRm BRoBRmBR to o f  p ^ p p a» *< P* p* p %-i '& c+ .3 ■ o CD H 'Ti W o  H* 3 c+ O
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F ig u re  12.
Graph 7 
80
‘-Com parison o f th e  V e g e ta tio n a l A n a ly s is  and S q u i r r e l  
S ig h tin g s
Area? Ave. 23 t o  2? and 8 th  t o  1 1 th  St*
hO




F ig u re  13
Graph 8 
350 K
A C om bination o f  th e  Data on Graphs X th ro u g h  7
rip  _
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B :B lack 
RsRed
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F ig u re  l i* .—-R esu lts  o f  th e  Tree Survey-
Table 1 Tree No,
2nd to  5 th  Ave. Ash-~— — ~ 3I4.
3 1 s t to  35th  S t .  Cottonwood——— -— 27
Elm— — — i— 62 
H ackberry———  2 
Tree o f  Heaven—  0 
W alnut— — —— — 0
Oak— - — — -------   0
M aple— — —  — 73
Sycam ore-— - - ——  It 
W illow— — — -  it 
l in d e n — — — — — 0 
Cat a lp  a - — 0 
Ironw ood— —  — 9 
T o ta l  215
Table 2
Ave. A t o  D Ash— — —- —— 15
3 1 s t to  35 th  S t .  . Cottonwood— — — li*
Elm*— — —-----
Hackber ry— —— -  1 
Tree o f  Heaven—«.°.«-*.~20 
Wal nut — —- - — i| 
M aple——— - ——.— —55
Oak—   ---- —  2
Syc araore— ——  -ii5
W i l lo w - -   -------   3
L i n d e n - - — •—— , 1
C a ta lp a —    5
I r onwood— - — 5 
T o ta l 22*8
Table 3
Ave. D t o  G Ash— — — -—.—— — 23
2 1 s t t o  25 th  S t .  Cottonwood- — 9
Elm—  — — 77
H ackberry—— --------   0
Tree o f Heaven— — -  0 
W a ln u t - — — — - — 1
M aple----------------------- 67
Oak—  -----    1
Sycamore— »■—*—— 7
W illow— ™ -------------6
L inden-—  — — -  0
C a ta lp a —— —  0 
Ironw ood—--— 20 
T o ta l 211
h o
F ig u re  15. —R e s u lts  o f  th e  Tree Survey
Table U
3rd  to  6 th  Ave. 




Cot t  onv o od  -----------   ~  -  “ --2 0
E3jn-— — — 79 
H ackber r y —— — -  2 
Tree o f  H eaven-—  2 
Walnut*-—  - —- —- — 0
M a p le --  — -.—-.— 71
Sjycamore— — — -  1 
W illow— - ———— — 1 
L inden— —- — -' 0 
C a t a l p a - — -— ■ 0 
Iro n w o o d --—— —  9 
Oak— r - — 8 
T o ta l  220
F ra n k lin ,  P la in e r  
Bloomer, Carson S t .
Table 6
Ash— — —— ———  it
C o tto n w o o d --— *—— $ 
Elm—— — — — — 21
H ackberry—- — — - — 9 
Tree o f  H eaven-—  0 
W alnut—• — 0 
M aple— — ——  8
Oak— . 5> 
Sycamore—————  3
VS. Ho w— 0 
L inden— —- —— ——
C a ta lp a — — —  0
Ironw ood— — - —— —.11
«bswb»
T o ta l  70
H a rr iso n , 
Harmony, 
Benton and 
No. 1 s t  S t .
Ash*  ---- -— *— 10
Cottonwood—— — — 1 
Elm— — — — — 21 
H ackberry— — 6  
Tree o f  Heaven—  k
W alnut— 8
Oak——— — —————————— 3
Sycamore— — - ——  2
W illow -  ------   0
Linden— *-----— —
C ata lp a ------- *— « 0
Ironw ood—    1
M aple—  *--------- 16
T o ta l  IE
Ill
F ig u re  1 6 .—R e su lts  o f th e  T ree Survey 
Table 7 Tree
23rd  t o  2 ? th  Ave, 
8 th  to  I I t h  S t .
Table 8
T o ta ls  o f  th e  
seven  above a reas
A sh------------
Cottonwood*— *
Elm «o» « *  aa» nto ew aw sks. « /* « » •« * «
H ackberry— * 
Tl'ee o f Heaven- 
W alnu t-——*— -
M^pX  ^“ * *  « s w i » < o a s t » « i i a
Syc am ore——  
VfiL H o w -—— —. 
L inden— — * 
C a ta lp a -— —
Ironw ood— *— *




H a c k b e r r y ™  
Tree o f  Heaven 
W alnut— —— 
Maple--— ™ ——
Syo amore— 
W illow—  
L inden— 
G a ta lp a -  
Ironwood 
T o ta l
No.








. - T  1
s c a n s  2 
I A O  0 
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APPENDIX V
DISTRIBUTION OF THE MEIANISTIC PHASE IN EASTERN NEBRASKA AND
WESTERN IOWA
This ap pend ix  c o n ta in s  examples o f  th e  q u e s tio n n a ire s  and 
l e t t e r  s e n t  t o  th e  game w ardens i n  b o th  s t a t e s .  The r e s u l t s  o f  
th o s e  q u e s t io n n a ir e s  a re  p l o t t e d  on f ig u r e s  19 and 20. The l a s t  
f ig u r e  shows th e  r e s u l t s  o f  th e  q u e s tio n n a ire s  as  to  number r e tu rn e d ,  
number o f s ig h t in g s  and th e  number w ith  no s ig h t in g s .
k  3
figu re  17 • -‘.-Sample o f Letter Accompanying the Questionnaire
Date
S i r ;
I  am engaged in  g rad u a te  work a t  th e  U n iv e rs i ty  o f  N ebraska a t  
Omaha. The s p e c i f ic  a re a  o f  i n t e r e s t  co n cern s  th e  b la c k  ( m e la n is t ic )  
phase o f  th e  W estern Fox S q u i r r e l .  The common re d  ( ru fo u s )  phase i s  
p r e s e n t  i n  l i g h t l y  wooded a re a s  th ro u g h o u t th e  m idw est. The b la c k  
phase i s  common i n  some o f th e  l a r g e r  m e tro p o li ta n  a re a s  such as  th e  
Gtiaha-Counci 1 B lu f fs  a re a .
What I  am t r y in g  to  o b ta in  i s  an a c c u ra te  d i s t r i b u t i o n  o f th e  
b la c k  p h ase  in  w e s te rn  Iowa and e a s te r n  N ebraska. I t  would be of 
g r e a t  h e lp  i f  I  c o u ld  g e t  you to  f i l l  ou t th e  en c lo sed  q u e s tio n n a ire  
co n cern in g  any s ig h t in g s  t h a t  you m ight make d u rin g  y o u r norm al work. 
There i s  a ls o  a  s e lf - a d d re s s e d  stam ped envelope en c lo se d , F i l l i n g  
o u t th e  q u e s tio n n a ir e  would g r e a t l y  a id  th e  s tu d y .
Thank you f o r  y o u r tim e and a s s i s ta n c e .
S in c e re ly ,
Edward Lueninghoener
k h
Figure 18. —Sample o f the Questionnaire Sent to  Game O ff ic ia ls
Q u e s tio n n a ire
Number o f  s ig h t in g s  o f  th e  b la c k  phase o f th e  W estern Fox S q u i r r e l .  
P lea se  check  one.
: None,
“Oc c a s io n a l ly  (n o t  more th a n  once a  day)
R e g u la r ly  (more th a n  once a  day)
P le a se  e s tim a te  th e  amount o f tim e you spend in  u rb an  % 
and r u r a l  % a re a s  d u rin g  a  norm al work d ay .
«eSB3B9RSB» ^
I f  s ig h te d  o c c a s io n a lly  o r more p le a s e  check  th e  a re a  i n  which m ost 
a re  se e n .
Urban — *« Name o f  town •
Ru r a l  Name o f  coun ty  , . ♦.
I f  a r e a  has th e  b la c k  phase b o th  i n  t o m  and i n  r u r a l  a re a s  
p le a s e  check b o th  u rb an  and r u r a l  and l i s t  th e  name o f  th e  town 
and c o u n ty .
I f  s ig h te d  o c c a s io n a l ly  or more p le a s e  e s tim a te  th e  p e rc e n ta g e  th e  
b la c k  phase  makes up o f  th e  e n t i r e  Fox S q u i r r e l  p o p u la t io n .
R u ra l S ig h tin g s  Urban S ig h tin g s
, 0-25% 0-25%
25-50% 25-50%
5 0 - 75% 50-75%
Over 75% Over 75%
P le a se  f e e l  f r e e  t o  make any a d d i t io n a l  comments.
Thank you f o r  y ou r tim e  and c o o p e ra tio n .
16
Figure 19*““D istr ib u tion  of the M elanistic Phase in  Iowa
£Cerro 
*Gordo
W right | F ra n k lin
O sceola I D ick in - I Emmet 2 Kossuth I Winns 
son
:-.Worth






W . V . ' . ‘. V . V . V .  .  .
Calhoun •**1 H am ilton
! ;VVVXvv.v;' :•
Crawford C a r r o l l  I GreeneMonona
H arriso n Shelby Audu« § G u th rie  I D a lla s  1 Polk 
bon
A d air I Madison 1 Warren
um onAdams Lucas
Riaqggoldi D eca tu r WayneFrer$m&:: Taylor
Shaded 
a re a s
in d ic a te  th e  
p resen ce  o f 
m e la n is t ic
W estern Fox
S q u i r r e l s .
1|6
Figure 20. — D istr ib u tion  of the l ie la n is t ic  Phase in  Nebraska
Knox
Dixon
P ie rc e  I ¥a;
A ntelope I
M adison! S tan~ l Cuminj 
§ to n  I B u rt
Boone
iO o I f  ax I DodgeP la t t e Wash:
Nance
Doug:
las':B u t le r  i SaunM errick Polk
GassSewardYorkHamiltoi
Otoe





N uckolls |  Thayer |  J e f f e r  
I I son Pawnee
Shaded a rea s  c o n ta in  m e la n is t ic  W estern Fox S q u irre ls*
k l
Figure 21. “-R esu lts  o f the Questionnaire to  Game O ff ic ia ls
Iowa
A verage tim e sp e n t i n  u rb an  a re a s  2k% 
f o r  a l l  o f f i c i a l s  su rveyed .
Number r e p o r t in g  u rb an  s ig h t in g s
Number r e p o r t in g  r u r a l  s ig h t in g s
Number r e p o r t in g  no s ig h t in g s  7
Number o f q u e s tio n n a ire s  n o t  1 
r e tu rn e d
R u ra l A reas 76$
O c c as io n a lly
2
7




A verage tim e s p e n t in  u rb an  a re a s  13 .6$  R ura l A reas 86 .1$  
f o r  a l l  o f f i c e r s  su rveyed
Number r e p o r t in g  u rban  s ig h t in g s
Number r e p o r t in g  r u r a l  s ig h t in g s
Number r e p o r t in g  no s ig h t in g s  8
Number of q u e s tio n n a ire s  n o t  £ 
r e tu rn e d
O c c a s io n a lly
7
3
R e g u la r ly
0
0
